I
nfectious bovine keratoconjunctivitis, commonly referred to as pinkeye, is one of the most important ocular diseases in cattle worldwide. 1 Moraxella bovis is widely considered to be the primary causative agent of IBK, although other organisms have been mentioned as possible causative agents. 2 Although cattle of all ages can be affected by IBK, most cases occur in cattle between 2 and 12 months of age. Cattle with IBK have clinical signs that include lacrimation, photophobia, corneal edema, ocular pain, and corneal ulceration. Although most cattle recover from IBK without serious sequelae, corneal scarring and vision loss can be permanent sequelae to acute infection. 3 Infectious bovine keratoconjunctivitis lesions have been associated with mean weaning weight losses of 17 kg (37.4 lb) in bulls and 18 kg (39.6 lb) in heifers in a 1974 study 4 as well as a mean 31-kg (68.2-lb) loss for the 365-day adjusted weight in the bulls that continued on a feed trial. More recently, a randomized and masked field trial 5 found mean losses at weaning in spring of 8.2 kg (18.04 lb; 95% CI, 4.04 to 12.52 kg [8. 89 to 27.54 lb]).
Animal suffering and decreased weaning weight associated with IBK are likely the most important motivators for adoption of management practices to control IBK. However, it is unclear whether the production Associations between infectious bovine keratoconjunctivitis at weaning and ultrasongraphically measured body composition traits in yearling cattle Objective-To assess associations between infectious bovine keratoconjunctivitis (IBK) diagnosed at weaning and production traits in yearling beef calves.
Design-Retrospective population-based cohort study.
Animals-1,882 Angus calves.
Procedures-Angus calves from 1 farm were evaluated over 7 years. The association between yearling body production traits and detection of IBK lesions at weaning was evaluated.
Results-Yearlings that had evidence of IBK at weaning had less 12th rib fat depth, ribeye area, and body weight than did cohorts without evidence of IBK. Average daily gain was greater in cattle that had IBK lesions at weaning, but this did not offset lower body weight at weaning. losses reported at weaning carry over to the postweaning production stage. Evidence that losses from IBK carry over to the postweaning periods would imply that cattle with evidence of IBK such as corneal scarring might reasonably be discounted at sale, further increasing the economic cost of IBK to producers. Alternatively, if the losses that occur before weaning are regained after weaning, perhaps because of the phenomenon of compensatory gain, discounting the value of calves with IBK lesions would not be necessary. Further, evidence that IBK could affect yearling trait measurements would imply that IBK could have influence on replacement selection decisions. Therefore, the aim of the study reported here was to examine whether the occurrence of IBK before weaning was associated with differences in production traits measured in yearlings for breed improvement purposes in cattle. 6 For this study, calves were considered IBK affected if there was evidence of IBK in either eye; they were considered IBK negative if both corneas were apparently free of IBK infection. Observation for IBK ceased after weaning when calves were either selected as replacement cattle or sent to different feedlot facilities. Because this population was also used to characterize genetic susceptibility to IBK, no specific IBK preventive measures were used from 2003 to 2007. 6 In 2008 and 2009, 2 randomized masked clinical trials 5, 7 assessed an IBK vaccine in the spring-born calves only; the vaccines were ineffective.
Conclusions and Clinical
After weaning, the study calves were separated for management by sex. All heifers were developed as potential replacement heifers. After weaning, in each calving season, approximately half the bulls were castrated and the remaining half were retained for evaluation as potential replacement sires. Bull and steer cohorts were fed a similar diet after weaning.
Body composition traits were evaluated at appropriate times for yearling measurements reported to the American Angus Association breed improvement program (bulls, approx 365 days of age; steers, approx 390 days of age; and heifers, approx 390 days of age). Ultrasonographic images were collected by an Ultrasound Guidelines Council-certified field technician.
a Ultrasonographic images were digitized and stored.
b Ultrasound Guidelines Council-certified laboratory technicians later interpreted the images. The ultrasonographic body composition traits measured in the yearlings were as follows: subcutaneous fat thickness over the termination point of the biceps femoris in the rump, subcutaneous fat thickness at three-fourths the lateral distance across the longissimus muscle between the 12th and 13th ribs, longissimus muscle area between the 12th and 13th ribs, and percentage of intramuscular fat within the longissimus muscle between the 12th and 13th ribs. Live weight was determined at the time ultrasonographic measurements were obtained (feed was withheld until after scanning on that day).
Sample size-Because the study was a populationbased cohort study, the number of calves included in the analyses was determined by the number of calves born from 2003 to 2009 with complete records. However, prior to conducting the analysis, sample size calculations were performed to determine whether it was likely to obtain a data set of sufficient size to detect a difference of 7.5 kg (16.5 lb) in the primary outcome, live weight, in a population with 33% of calves in the IBK group and 67% in the unaffected group, with a type I error probability of 0.05, a type II error probability of 0.8, and a 1:2 ratio for case and control calves.
c The rationale for use of these parameters was that results of a prior study 5 suggested that calves with IBK weighed approximately 7.5 kg less at weaning than unaffected calves, and the prevalence of IBK was approximately 33% in the study herd. Results of the analysis indicated that a study of approximately 1,000 subjects would have sufficient power to detect a 7.5-kg difference in live weight. The final study population contained 1,514 spring-born calves and 368 fall-born calves.
Study variables-Only calves with complete records for all weight categories (birth, weaning, and yearling), sex, and body composition traits were included in the analyses. Incomplete records were removed from the data set. Calves had incomplete records for several reasons: died prior to weaning, died following weaning, data were not collected at one of the time periods (birth, weaning, or yearling), and unrealistic data. Unrealistic data entries were birth weights > 200 kg (440 lb) or weaning weights > 500 kg (1,100 lb).
The final data set contained several categorical variables. Infectious bovine keratoconjunctivitis status was designated as positive or negative. After weaning, sex of calves was categorized as bull, heifer, or steer. Season (spring and fall), preweaning management group, postweaning management group, year, and sire were considered categorical variables. Continuous variables included all measured body composition traits in yearlings (live weight at scan, subcutaneous fat thickness over the termination point of the biceps femoris in the rump, subcutaneous fat thickness at three-fourths the lateral distance across the longissimus muscle between the 12th and 13th ribs, longissimus muscle area between the 12th and 13th ribs, and percentage of intramuscular fat in the longissimus muscle between the 12th and 13th ribs), ADG, age of calf in days at ultrasonographic evaluation, and birth weight. Average daily gain was calculated over the period from weaning to evaluation as a yearling.
Statistical analysis-For descriptive purposes, the mean and SD were calculated for most variables. To determine how well the mean and SD represented the distribution of the data, the 95% confidence intervals of the mean and SD were compared with the 2.5% and 97.5% percentiles. For season, year, and case status (variables for which the difference was > 10% in > 3 instances), further descriptive information (median, 2.5% and 97.5% percentiles, mean, and SD) was provided.
For hypothesis testing, the unit of interest was the individual calf. A linear regression mixed model with fixed and random effects was used to test the hypotheses about the associations between IBK and yearling body production traits.
d Performance and ultrasonographic body composition traits evaluated were live weight at scan, subcutaneous fat thickness over the termination point of the biceps femoris in the rump, subcutaneous fat thickness at three-fourths the lateral distance across the longissimus muscle between the 12th and 13th ribs, longissimus muscle area between the 12th and 13th ribs, percentage of intramuscular fat in the longissimus muscle between the 12th and 13th ribs, and ADG. All models were created for spring-born calves, fall-born calves, and the combined population. In each model, the explanatory variable of interest was IBK status. Other explanatory variables included in each model as potential effect modifiers or confounders of the association between IBK and weight at ultrasonographic evaluation were birth weight, season, sex of calves after weaning (bull, heifer, or steer), ADG (weaning to yearling weight), preweaning management group, postweaning management group, year of calving, season of calving, the interaction between year and season, and age at ultrasonographic evaluation. Those explanatory variables included as fixed effects were ADG, weight at birth, sex of calves after weaning (bull, heifer, or steer), age, the interaction of sex of calves after weaning (bull, heifer, or steer) and age at time of ultrasonography, and season. Those explanatory variables included as random effects were preweaning management group, postweaning management group, year, and sire as well as the interaction of year and season. Continuous variables were not transformed. Variable elimination techniques were not used; associations were determined from the full-adjusted final model. A model was also created with ADG as the outcome. The model building process was as described; however, ADG was not included as an explanatory variable because it was the outcome of interest.
The associations for the production traits and IBK status were reported as the least squares mean for each production trait, SEM, and P value. For the random effects, the variance component estimate was reported.
For each outcome, the fit of the full-adjusted final model was assessed for conformity by observation of each model' s graphed deviance residuals and Pearson residuals against the independent variables. Collinearity of fixed effect variables was assessed after removing the random effects and rerunning the model. The condition indices and variance decompositions were calculated with a macroinstruction generated for statistical software.
d Collinearity was considered present if the largest condition index was > 30 and at least 2 of the variance decomposition proportions were ≥ 0.5. If evidence of collinearity was identified, the variables with the high variance decompositions would be removed from the model. A value of P ≤ 0.05 was considered significant. . Extended descriptive statistics were required because of low numbers for all fall cases of IBK and for the variable subcutaneous fat thickness at three-fourths the lateral distance across the longissimus muscle between the 12th and 13th ribs.
Results
For each outcome, the results of the mixed model analysis were summarized (Table 3 ). There was some indication that the associations between IBK and production variables was different in fall-born calves versus spring-born calves; therefore, results for all 3 models are given. However, the discussion is limited to springborn calves because the fall-born population was small and therefore the estimates of association were imprecise. The data from the fall-born calves are given be- Feed was withheld until after scanning. LMA = Longissimus muscle area between the 12th and 13th ribs. LMA fat percentage = Subcutaneous fat percentage at three-fourths the lateral distance across the longissimus muscle between the 12th and 13th ribs. Rump fat thickness = Subcutaneous fat thickness over the termination point of the biceps femoris in the rump. 
RUMINANTS
cause they may be useful in a subsequent meta-analysis or cost-benefit analysis.
For the spring-born calves only, IBK status prior to weaning was significantly associated with decreased performance for live weight at the time of scanning (mean difference, -6.73 kg [14. 81 lb]), subcutaneous fat thickness at three-fourths the lateral distance across the longissimus muscle between the 12th and 13th ribs (mean difference, -0.02 cm), and longissimus muscle area between the 12th and 13th ribs (mean difference, -1.12 cm prior to weaning was associated with greater postweaning ADG. For the combined data set (spring and fall calves), the associations observed were similar to those observed in spring-born calves because spring-born calves contributed most of the data to the combined analysis. The occurrence of IBK prior to weaning was significantly associated with decreased performance for live weight at the time of scanning (difference, -7.02 kg [15. 44 lb]), subcutaneous fat thickness at three-fourths the lateral distance across the longissimus muscle between the 12th and 13th ribs (difference, -0.02 cm), and longissimus muscle area between the 12th and 13th ribs (difference, -1.14 cm 2 ; Table 4 ). Subcutaneous fat thickness over the termination point of the biceps femoris in the rump in calves with IBK was less than that in calves without IBK (mean difference, -0.019), but this did not quite reach significance (P = 0.06). The association between postweaning ADG and IBK occurrence prior to weaning was positive (difference, 0.02 kg/d; P = 0.01). This association indicated that IBK occurrence was associated with greater postweaning ADG.
The random effects variance components estimates (an estimate of the variance attributable to that random variable on the trait of interest) for each model were summarized (Table 5 ). When plots of the residuals versus means were examined, no points were found to be outliers and the patterns of residual distribution were consistent with normal assumptions. Collinearity was assessed on models with the random effects removed. All condition indexes were < 30 and variance decompositions were < 0.5. *Fixed effects included weight at birth, sex of IBK-affected calves after weaning (bull, heifer, or steer), days alive, the interaction between sex of IBK-affected calves after weaning (bull, heifer, or steer) and days alive, and season. †Fixed effects included postweaning ADG of IBK-affected calves, weight at birth, sex of IBK-affected calves after weaning (bull, heifer, or steer), days alive, the interaction between sex of IBK-affected calves after weaning (bull, heifer, or steer) and days alive, and season.
12th rib fat thickness = Subcutaneous fat thickness at three-fourths the lateral distance across the longissimus muscle between the 12th and 13th ribs.
See Table 1 for remainder of key. See Tables 1 and 4 for key. Table 5 -Estimate of variances for random effects in the model for each of the traits of interest in a study of the associations between IBK and production variables in 1,882 yearling calves that had or did not have IBK lesions at weaning.
Discussion
Traditionally, IBK has been thought of as a preweaning production issue (ie, losses associated with IBK were temporary and recovered after weaning). The objective of this study was to examine whether the occurrence of IBK before weaning was associated with production traits following weaning in seedstock. Results indicated that evidence of IBK infection observed at weaning were associated with postweaning production and replacement animal selection traits. Therefore, calves with evidence of IBK such as corneal scarring might reasonably be discounted at sale because they are likely to continue to weigh less than unaffected calves. This finding further increases the potential economic cost of IBK to the cattle industry. For producers who retain ownership of such calves, losses to production from IBK continue as calves approach slaughter weight. Prevention of IBK is the most effective method of mitigating losses from IBK.
Although calves with IBK in this study had a higher ADG after weaning, it was not sufficient to make up the losses in live weight sustained prior to weaning. Springborn calves with IBK had an ADG a mean of 0.02 kg/d greater after weaning than unaffected contemporary calves; however, calves with IBK were a mean of 7 kg (15.4 lb) lighter than unaffected calves at the time of yearling measurement (95% CI, -5 to -9 kg [11 to 19.8 lb]). For fallborn calves, the estimate was approximately 11 kg (24.2 lb) less weight at evaluation for IBK-affected calves, however, this estimate, based on a much smaller population, had a greater degree of uncertainty (95% CI, -4 to -18 kg [8.8 to 39.6 lb]). Similarly, IBK-affected calves were associated with decreased rib fat depth (subcutaneous fat thickness at three-fourths the lateral distance across the longissimus muscle between the 12th and 13th ribs) and ribeye area (longissimus muscle area between the 12th and 13th ribs), compared with unaffected calves. The results therefore have implications for producers buying or selling yearling calves for seedstock. These producers may underestimate the genetic value of an animal due to decreased values for live weight, subcutaneous fat thickness at three-fourths the lateral distance across the longissimus muscle between the 12th and 13th ribs, or longissimus muscle area between the 12th and 13th ribs. However, IBK occurrence rather than genetic potential might be the cause of decreased values. For seedstock producers with herds with a high incidence of IBK, this is likely to have the greatest effect. Presently, prevention of IBK is extremely difficult, with little evidence that IBK vaccines are effective. 8 High standards of animal husbandry and well-being should already be the strongest motivator for rapid identification and treatment of IBK lesions; however, knowledge that losses can extend beyond the weaning period may provide additional incentive to quickly intervene and reduce losses associated with IBK.
In this study, ultrasonographic measurements were used to evaluate performance traits after weaning. Additionally, ultrasonographic evaluations were taken at yearling time under a management system for developing replacement breeding stock in a selection project. The management system may not represent the typical birth-to-slaughter system and not reflect the full effects of (or possible recovery from) IBK if calves were allowed to continue to slaughter. The rationale for use of these ultrasonography-based measures of production rather than measurements made on calves at slaughter was 2-fold. First, a portion of the population was selected as herd replacements, allowing us to gather information on replacement stock. Carcass data were only available on animals that were not selected, which would not represent the whole population of a typical herd. Use of this population permitted an increase in the ability to detect differences in affected animals that are used as seedstock (replacement stock). Second, because we used most of the population, we reduced the potential for selection bias caused by loss to follow-up of poor doers, a common source of bias in population-based cohort studies. If we had only studied the population of slaughtered calves, > 60% of the female population and approximately 5% of the male population may have been lost to follow-up and the degree of bias could have been considerable but the direction of bias unknown. 9 The association between IBK and carcass traits is obviously of interest, and it is tempting to extrapolate the results of this study to slaughtered cattle. Such extrapolation should be done with caution. First, a slaughter population is different from a seedstock population and this could introduce a bias in the estimated associations. Further, although studies by Greiner et al 10 and Tait et al 11 revealed that live animal ultrasonography results can be used to accurately assess animal carcass composition, the correlation declines the further from slaughter ultrasonography is conducted.
It would also be of interest to compare the results of the present study with other similar studies, but we are aware of only 1 study 4 of the long-term association between preweaning IBK and production. In 1974, Thrift and Overfield 4 reported a mean difference of 31 kg in 365-day adjusted weight in bull calves in a postweaning feed trial and a decrease in ADG of 0.08 kg (0.176 lb). The explanation for the different association observed for ADG between that study 4 and the present study is unknown; however, differences in management, having a bull-only population, or other unreported study characteristics are likely. Another study 12 found changes in production traits associated with treatment for any preweaning disease, including bovine respiratory disease, IBK, and infectious pododermatitis; however, the sole contribution of IBK to losses was not determined. Other studies [13] [14] [15] that evaluated disease occurrence and production traits have focused on postweaning disease, in particular, bovine respiratory disease. It may be surprising that few studies have evaluated the association between preweaning disease and postweaning production traits; however, few preweaning diseases are as readily diagnosed as IBK. One possible reason may be that diarrhea and respiratory tract disease prior to weaning are difficult to study in extensive pasture-based production systems. Further, following cattle from pasture to the feedlot can be difficult in the North American production system, where ownership frequently changes, which makes longitudinal studies difficult to execute.
Data from this study were obtained from 1 farm over 7 years and included 1,882 complete records and 672 cases of IBK. The pathogenesis and host response to IBK are likely similar in all cattle populations. Although environment and management practices differ between farms and likely modify factors such as the prevalence and duration of IBK, it is most likely that the observed associations of decreased fat deposits, ribeye area, and overall weight in affected calves are consistent, although the magnitude may differ.
As with any observational study, the potential for confounding bias, misinformation bias, and selection bias is greater than occurs in experimental studies, and methods to reduce bias should be addressed. 9 We addressed confounding bias at the analysis stage by inclusion of potential confounding variables in the final model. The most important confounder missing from the study was the status of other diseases in the herd. We hypothesize that calves with IBK may be more susceptible to other diseases, which would negatively affect the calf' s ability to add muscle, fat, and overall body weight. If this hypothesis is correct, other diseases may have contributed to the associations we attributed to IBK, so the true effects of IBK may have been less than the estimates of this study.
Misinformation bias might have occurred for the explanatory variable of interest, IBK. Because IBK assessments at weaning were used, the most likely bias was incorrect classification of calves with IBK lesions before weaning as not having IBK lesions at weaning (ie, a false negative). This misclassification would occur if calves had IBK lesions that resolved quickly and without scars and went undetected. Further, treatment prior to weaning could result in fewer scars. Such misinformation bias is likely not differential, and therefore, the direction of bias should be toward the null. Consequently, estimates of the association between IBK lesions and production traits in this study would be conservative.
Another potential form of bias in observational studies is selection bias, which cohort studies are susceptible to because of loss to follow-up. In this study, a major source of selection bias was minimized by studying the population at the time yearling ultrasonographic measurements were made rather than studying slaughtered calves. Another selection bias could occur if incomplete records were associated with a combination of IBK occurrence and one of the outcomes (ie, if IBK-affected calves with low scanning weights were more likely to have incomplete reports than IBK-affected calves with higher scanning weights). If such a selection bias did exist, we hypothesize that it was most likely that lightweight calves (which would go on to be lightweight at ultrasonographic evaluation) could be more susceptible to IBK and also more susceptible to other life-threatening infections. The resulting bias would be that the IBK-affected calves included in the final analysis would be heavier than the true population of IBK-affected calves. As such, the study would again be biased toward the null, and therefore, the estimates of the association between IBK lesions and production outcomes would be conservative. 9 Thirteen percent of records were lost to follow-up, and the remaining 87% of the population was in the acceptable range for loss to follow-up given enough data to maintain study validity. 16 The present study found significant associations between IBK and production traits evaluated in yearling calves. The mechanism of the residual weight loss was unclear because the study was not designed to determine mechanisms of pathogenesis, but rather to determine whether differences between groups did occur. The use of production traits to detect the losses associated with preweaning IBK may be of greater value than previously suspected in making selection decisions in seedstock herds. The value of disease avoidance or rapid diagnosis and treatment of IBK may be increased when cattle are sold on the basis of production traits because of the negative associations between IBK and certain production traits. 
